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Totipotent non-committed inner cell mass (ICM) cells from 
human blastocysts, if demonstrated to be capable of 
proliferating in vitro without differentiation, will have several 
beneficial uses, not only in the treatment of neurodegenerative 
and genetic disorders, nut also as a model in studying the 
events involved in embryogenesis and genomic manipulation. 
Nine patients admitted to an in- vitro fertilization programme 
donated 21 spare embryos for this study. All 21 embryos were 
grown from the 2-pronuclear until blastocyst stages on a 
human tubal epithelial monolayer in commercial Earle's 
medium (Medicult, Denmark) supplemented with 10% human 
serum. The medium was changed after blastocyst formation 
to Chang's medium supplemented with 1000 units/ml of 
human leukaemia inhibitory factor (HLEF) and the embryos 
left undisturbed for 72 h to allow the hatched ICM and 
trophoblast to attach to the feeder monolayer. Nineteen of 
the 21 embryos from nine patients produced healthy ICM 
lumps which could be separated and grown in vitro. Two of 
the lumps differentiated into fibroblasts while the remaining 
17 (eight patients) produced cells with typical stem cell-like 
morphology, were alkaline phosphatase positive and could 
be maintained for two passages. It was possible to retain the 
stem cell-like morphology, alkaline phosphatase positiveness 
and normal karyotype through the two passages in all of them 
using repeated doses of HLIF every 48 to 72 h. This is the 
first report on the successful isolation of human ICM cells 
and their continued culture for at least two passages in vitro. 
Key words: HUF/human ES-like cells/ICM cells/tubal epithelial 
monolayer 



Introduction 

The human embryo develops from a group of undifferentiated 
cells into an organism with many specialized cells, tissues and 
organs. During embryogenesis the fates of cells become gradually 
restricted as they enter new developmental pathways. In their 
classical lineage analysis studies in the mouse, Gardner and 
Papaioannou (1975) described the fate of the inner cell mass 
(ICM) and trophectoderm. Their main findings were the 
possibility of a unitary origin of all trophoblast cells, and the 
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formation of the entire fetus and extra-embryonic mesoderm from 
the non-endoderm cells of the ICM. The ICM of the mammalian 
blastocyst contains undifferentiated non-committed cells with the 
potential to enter a hill range of developmental pathways and 
it is well known that as these cells differentiate, they lose the 
capacity to enter developmental pathways previously open to them 
(Anderson, 1992).These totipotent embryonic stem (ES) cells, 
if isolated and made to proliferate without differentiation, could 
have several uses in not only the treatment of neurodegenerative 
disorders but also the development of monoclonal antibodies to 
human proteins for diagnostic and therapeutic use (Edwards 
1992). 

The first ES cell lines that were typed and passaged were 
obtained in the rabbit (Cole exal , 1965a,b). Later, ES cells were 
isolated from mouse embryos (Evans and Kaufman, 1981; 
Martin, 1981) and ES-like cells from farm animal embryos 
(Wilmut et al , 1991). Feeder cells or agents with differentiation 
inhibitory activity encouraged ES-like cell growth and prevented 
them from undergoing spontaneous differentiation (Nichols etaL, 
1990). Cells of the STO line, which are thioguanine- and ouabain- 
resistant, have been successfully used as feeders for differentiation 
of clonal lines of murine teratccarcinoma cells. Cell division of 
these feeder cells was prevented with mitomycin C (Martin and 
Evans, 1975). Medium conditioned by Buffalo rat liver (BRL) 
cells prevented the spontaneous differentiation of embryonal 
carcinoma and ES cells (Handyside et al., 1987; Smith and 
Hooper, 1987), and myeloid leukaemia inhibitory factor (LIF) 
(Williams et al , 1988) was also used to maintain the stem cell 
phenotype of ES cells in the mouse. In the murine species ICM 
cells are able to colonize the somatic tissues of chirnaeric mice 
following injection of such cells into blastocysts and return of 
the micromanipulated embryos to pseudop regnant recipients 
(Bradley et al. , 1984; Robertson and Bradley, 1986; Beddington 
and Robertson, 1989). However, Notarianni et al. (1990) pointed 
out that the methods devised for ES ceil production for one species 
may not be directly applicable to another species, the reasons 
for this being (i) the differences in the timing of differentiation 
of blastocysts between species and (ii) the development of ICM 
being significantly different between murine and ungulate species. 
However, it has been shown that in the human, unlike the mouse, 
42% of normally fertilized embryos reached the blastocyst stage 
on day 5 or 6 post-insemination and the proportion of ICM cells 
remained higher despite cell death in both ICM and 
trophectoderm (Hardy et al., 1989). In mouse embryos, 
proliferation of the ICM occurs rapidly, whereas in ungulates 
the ICM forms a mitotically quiescent embryonic disk (Piedrahita 
et al , 1 990). Growth characteristics and morphology of ES-like 
cells may thus differ between species. We report here the use 
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of a human oviductai epitheiiai feeder layer together with human 
leukaemia inhibitor) factor (HLIF) to isolate and grow ES-like 
cells from human embryos in culture for at least for two passages. 

Materials and methods 
Patients and embryos 

For this study, nine patients aged 35-41 years enrolled in an 
assisted reproduction programme donated 21 spare embryos. 
They underwent ovarian stimulation using one of two hormonal 
regimes: (i) follicle stimulating hormone (FSH) + human 
menopausal gonadotrophin (HMG) or (ii) gonadotrophin- 
releasing hormone + HMG. Consent to carry out this study was 
approved by the hospital ethical committee based on the guidelines 
on Assisted Reproductive Technology of the Ministry of Health, 
Singapore that experimentation of human embryos up to day 14 
of embryonic growth may be allowed. 

Feeder layers 

Embryos were grown and allowed to hatch on passaged human 
Fallopian tubal epithelial monolayers which acted as feeder layers. 
Ampullary epithelial cells separated from healthy Fallopian tubes 
of cycling pre-menopausal women undergoing hysterectomy were 
used to establish primary cultures and cell lines according to the 
method of Bongso ex al. ( 1989a). The patients donating Fallopian 
tubes consented to human immunodeficiency virus (HIV) 
antibody tests at the time of hysterectomy and 6 months later. 
Cell cultures were quarantined during this 6 month period by 
freezing in liquid nitrogen using a slow freezing method with 
10% dimethyl sulphoxide (DMSO) as cryoprotectant. Once both 
tests were negative, the cells were thawed and monolayers 
established. Monolayers were also screened for hepatitis B and 
other microbes using conventional microbiological tests. For 
culture of embryos, cells with epithelioid cell morphology that 
were cy tokeratin positive were used as feeder layers for this study. 

At 24 h prior to oocyte retrieval, the monolayers were detached 
from their plastic flasks with 0.5% trypsin + 0.53 mM EDTA 
[Grand Island Biological Company (Gibco), Grand Island, NY, 
USA] at 37°C in a 5% C0 2 , 95% air atmosphere for 5-10 
min. The detached cells were transferred to sterile plastic tubes 
(Falcon, MD, USA) and centrifuged at 300 g for 5 min. The 
cell pellet was washed at least twice with Hank's balanced salt 
solution (Gibco, New York, USA) and finally resuspended in 
IVF culture medium (Medicult, Copenhagen, Denmark). 
Medicult is a commercial medium containing Earle's balanced 
salt solution supplemented with human serum albumin, insulin 
and antibiotics. Cell resuspension was carried out many times 
to allow the cells to break up into single cells or clusters. Then 
- 100 000 cells were seeded into 0.8 ml of IVF culture medium 
(Medicult) + 10% heat-inactivated human serum in each well 
of 4-weII plastic dishes (Nunclon, Copenhagen, Denmark) and 
the dishes incubated at 37 C C in a 5% CO2, 95% air atmosphere. 
The human serum was prepared from blood collected from fasted 
patients undergoing. ovarian stimulation just after they had been 
administered human chorionic gonadotrophin for triggering 
ovulation and just prior to oocyte retrieval. Confluent monolayers 
were ready 48 h later for the culture of pronuclear-stagc human 
embryos. 



Isolation and culture of inner cell mass ceils 

Embryo culture 

The 2 1 spare embryos at the 2-pronuclear stage were placed on 
the ampullary cell feeder layers. The dishes were incubated at 
37°C in a 5% CO?, 95% air atmosphere and the medium 
replaced every 48 h with fresh Medicult medium. Once cavitating 
blastocysts were formed, the medium was changed to Chang's 
medium (Irvine Scientific, USA) supplemented with 10% human 
serum and 1000 units/ml HLIF (Sigma, MO, USA). Chang's 
medium is an enriched complex medium containing amino acids, 
polypeptides, vitamins, ribo- and deoxyribonucleosides, 
hormones and trace elements, while HLIF has been proved to 
prevent cell differentiation. The blastocysts were left undisturbed 
over the next 24 - 48 h to allow hatching and for the ICM lumps 
to attach to the monolayer (Figure 1). The Chang's medium with 
HLIF was replaced every 48 h thereafter. 

Isolation and culture of ES~Uke ceils 

The ICM lumps attached to the monolayer and large trophoblast- 
like cells began to spread out from the peripheral regions of each 
lump on day 8 or 9 rxjst-msemination (Figure 2). The ICM cells 
piled up vertically as lumps and underwent degeneration in 4-5 
days if they were not separated from the trophoblast and feeder 
layer, and they were then re-cultured (Figure 3). Separation of 
the ICM lump was carried out using the blunt heat-sealed end 
of a finely drawn-out Pasteur pipette. Using a stereomicroscope 
at high magnification, separation of only the upper parts of the 
ICM lump was done very carefully, without removing tubal cells 
from the feeder layer. It was easy to recognize any tubal cell 
contamination from their typical epithelioid cell morphology, and 
the growth of tubal cells was so prolific that they would outgrow 
any ES-like cells. The lumps were picked up with a minimal 
volume of medium and transferred to a 50 fd drop of 0.5% trypsin 
-+- 0.53 mM EDTA under mineral oil (Sigma) and incubated for 
10 min for partial cell disaggregation at 37°C in a 5% CO?, 
95 % air atmosphere. The further action of trypsin was prevented 




Fig. I. Human blastocysts (144 h post- insemination) hatching on 
human tubal ampullary epithelial monolayer (X100). 
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by resuspending the cells in another 50 /ti of Chang's medium 
+ 10% human serum + 1000 units/mi HLIF without cell 
monolayers. Once several colonies from each blastocyst had 
formed on the plastic in 10- 14 days, the ceils were subcultured. 

Only colonies having the typical stem cell-like morphology 
were subcultured. The subculturing method was similar to the 
disaggregation of ICM cells using trypsin + EDTA. Cell colonies 
continued to form quite well on plastic in the presence of HLIF 
in Chang's medium supplemented with 10% human serum. The 
HT IF was replaced every 48 h to prevent cell differentiaton. Once 
the wells became fairly confluent (8- 10 days), the cells were 
subcultured again and when -2-3X10 6 cells per blastocyst 
were available, they were frozen using the conventional slow 
freezing machine method with 10% DMSO as cryoprotectant. 



identification of ES-like cells 

Confirmation that the ICM cells had not differentiated and were 
ES-like cells was based on cell morphology analysis using phase- 
contrast and Nomarski's optics, as reported for other species, 
and the alkaline phosphatase test, which is a biochemical marker 
for stem cells. Histochemical staining for alkaline phosphatase 
was carried out as described by Donovan et at. (1986). Ceils 
showing typical stem cell-like morphology from primary and 
subcultures were first fixed in 4% formaldehyde in phosphate- 
buffered saline (PBS) for 10 min. The cells were then washed 
with distilled water and the fixed cultures incubated for 15 min 
at 37°C in distilled water containing 1 mg/ml Fast Red TR salt 
and 40 ^l/ml napthol AS-MX phosphate (Sigma) at a pH of 8.4. 
Washing the cells with PBS stopped the reaction after 15 min. 




Fig. 2. Inner cell mass (ICM) lump with peripheral trophoblast-like cell outgrowths 2 days after hatching. Note healthy ICM lump (white 
translucent centre) (x200). 




Fig. 3. Inner cell mass lump with peripheral trophoblast-like cells anached to ampullary epithelial monolayer 5 days after hatching. Note 
degeneration in centre of lump (black centre) as a result of delay in separation from monolayer and re-culturing ( x200). 
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Fig 4 Separated and disaggregated inner cell mass tump growing on plastic in the presence of HLIF + Chang's medium + human serum, 
10 days post-irisemination. Note translucent ES-like cells forming circular nests (X200). 




Fig. 5. Periphery of inner cell mass lump spreading in primary culture. Note small white ES-like cells with large nucleus and scant 
cytoplasm (X400). 



Red staining of cells indicated a positive alkaline phosphatase 
reaction. The red precipitate was not stable over long-term 
storage. 

To check whether the genotypes of the cells were normal and 
had not changed, the conventional method for chromosome 
analysis on human amniotic fluid cells was applied to the cell 
cultures. Aliquots of actively mitotic cells with classical ES cell- 
like morphology were separated from each ICM culture of each 
embryo and exposed to 10 /ig/ml colcemid solution (Gibco) for 
2 h at 37°C in a 5% CO2, 95% air atmosphere to arrest all 
dividing ES-like cells at metaphase. The cells were then treated 
with a hypotonic solution of 0.075 M potassium chloride to 



rupture the cells. Chromosomes and nuclei were then fixed with 
glacial acetic acid: methanol (1:3) for 30 min at 4°C Drops of 
cells from the resuspended cell suspension were placed on pre- 
cleaned grease-free glass slides, air-dried and then subjected to 
the trypsin-Giemsa banding method to identify minor chromo- 
some rearrangements. Good-quality, complete-banded metaphase s 
were photographed and karyotypes constructed and analysed by- 
computer automated chromosome analysis (Cyto vision, Applied 
Imaging, UK I. 

Epithelioid morphology was evaluated using the standard 
immunotluorescent staining method specific for cytokeratin. Cell 
cultures were rinsed with PBS and fixed in 4% formaldehyde 
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Fig. 6. High magnification of inner cell mass cells. Note epithelioid monolayer with circular small and large cell nests typical of ES-like 
cells (x600). 



in PBS for 30 min at room temperature. The cells were rinsed 
with PBS and permeabilized for 20 min with 0.5% (v/v) Triton 
X- 100 in PBS. The cell cultures were then incubated cell side 
down in a monoclonal anti-cytokeratin (Sigma) diluted 1:20 (v/v) 
in PBS for 90 min at room temperature in a humidified chamber. 
The cells were then washed with PBS and incubated for 60 min 
in FITC-conjugated anti-IgG diluted 1:50 (v/v) in PBS. The 
cultures were washed in PBS and mounted in glycerol-PBS for 
viewing under a Zeiss fluorescent microscope equipped with 
epifluorescence and FITC excitation. 

Results 

Nineteen embryos (from nine different patients) out of the 21 
spare embryos donated produced healthy ICM lumps which could 
be successfully separated and maintained in cell culture through 
at least two subcultures without differentiation. The ICM cells 
in two of the 19 embryos (one patient) became differentiated into 
spindle-shaped fibroblasts, while those of the remaining 17 
embryos (eight patients) produced the typical stem cell-like 
morphology reported for other species. A typical ICM cell colony 
and monolayer are shown in Figure 4. The cells had an epithelioid 
morphology with large nuclear to cytoplasmic ratios. Each cell 
was small, with a large nucleus and minimal cytoplasm (Figure 
5), and the nuclei contained one or more prominent nucleoli. The 
cells were actively mitotic and tightly packed in small nests or 
colonies in which it was difficult to recognize individual cells. 



Figure 6 illustrates the progressive growth of a colony in the 
absence of cell differentiation, and this represents a true colony 
as observed in other species. 

The ICM cells were stable to subculturing in the 
undifferentiated state in the presence of regular doses of HLIF. 
and they maintained morphology similar to that of ICM cells in 
primary culture in all 17 embryos of the eight patients. After 
the second subculture, the cells differentiated into fibroblasts or 
died. All ICM cells showing typical stem cell-like morphology 
in primary and first and second subcultures were alkaline 
phosphatase positive. Giemsa-banded chromosome analysis on 
15-20 metaphases per primary and passaged ICM culture for 
each embryo showed normal 46XX karyotypes for eight, and 
normal 46XY karyotypes for nine of the 17 embryos (Figures 
7 and 8). 

Discussion 

To the best of our knowledge, this is the first report on the 
possibility of developing non-committed ICM cells from late 
preimplantation human embryos, although cell lines have been 
isolated from embryos of the mouse (Evans and Kaufman, 198 1 : 
Martin. 1981). pig (Piedrahita et al. , 1988; Evans etui, 1990: 
Notananni et ai . 1990), golden hamster (Doetschmann et ai . 
1988). sheep (Handyside era/., 1987; Notarianni et al., 1990: 
Piedrahita et ai. . 1990), cow (Evans et al. , 1990), rabbit (Giles 
et ai. 1993) and mink (Sukoyan et ai, 1993). 
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Ffe. 8. Giemsa-banded karyotype of an ES-like cdl from the first passage showing a normal 46XY karyotype. 



The cell colonies in this study showed a remarkable 
resemblance to those formed from embryos of other species. The 
cell lines isolated from agricultural animals were of two types; 
some were similar in appearance to mouse ES cells while others 
were epithelial-like. The human ES-like cells in this study were 
clear-cut epithelioid-like cells growing in typical colonies or nests 
resembling very closely the morphology of the murine ES cells 
and human embryonal carcinoma cells observed by Pera et at. 
( 1989). Also, proliferation of the ICM occurred very rapidly in 
the human cells, which is the same as is observed in mouse but 
not ungulate cells. 



It has been suggested that the poor success rates in developing 
ES cells in species other than mice appeared to be due to either 
fundamental biological differences between species or simply to 
technical factors associated with the optimization of culture 
conditions (Piedrahita et al. , 1990) . In the human, it appears that 
human tubal ampuilary feeder cells together with HLIF in an 
enriched medium such as Chang's supplemented with human 
serum was an ideal in- vitro system to initiate the primary growth 
of ICM cells. Furthermore, a feeder layer was not necessary for 
subsequent subcultures if HLIF was present in the medium. Our 
preliminary studies prior to this report demonstrated clearly that, 
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in the absence of an initial feeder layer and subsequent HLIF, 
the ICM cells were difficult to sustain or always differentiated 
into fibroblast-like cells. It has been shown recently that mouse 
ES cells can be isolated by placing ICM cells directly into murine 
leukaemia inhibitory factor (mLIF) supplemented medium in the 
absence of feeder cells (Nichols et al. t 1990; Pease et al, 1990). 
Experiments in which mLIF or HUF was used to assist isolation 
of ES cells from domestic livestock species have been 
unsuccessful (Anderson, 1992). It therefore appears that the action 
of murine or human LEF on ICM cells may be species dependent. 

Human epithelioid monolayers were used in this study instead 
of the commonly used STO mouse fibroblasts and other eel) types 
because our previous work and that of others has shown that the 
presence of such helper cells in the in-vitro system can be very 
effective in generating viable blastocysts (Bongso et al. , 1989b; 
Yeung et al , 1992) . Since STO fibroblasts were not used in this 
study it is not possible to conclude whether or not they would 
be equally effective as feeder layers. A feeder cell type similar 
to the species of fee embryo may be more ideal than that of a 
heterologous species. Interestingly, Anderson et al. (1992) 
showed that hatched bovine blastocysts attached to bovine 
oviductal epithelial cell monolayers in Dulbecco's modified 
Eagle's medium but failed to proliferate. Perhaps the use of an 
enriched medium like Chang's medium supplemented with serum 
may have helped cell proliferation. 

Totipotent cells do reside in the ICM of animal embryos . ICM 
transplantation has resulted in the birth of chimaeric offspring 
in mice (Bradley et al. t 1984; Robertson and Bradley, 1986; 
Beddington and Robertson, 1989; LaUemand and Brulet, 1990), 
pigs (Anderson, 1992) and sheep (Butler et aL, 1987). Bovine 
chimaeras have been produced by blastocyst injection using ICM 
cells (Summers et al , 1985). Recently, the developmental ability 
of enucleated mouse oocytes that had received murine ES cells 
was examined. Electrofusion was necessary for the oocytes to 
form nuclei and cleave to blastocyst stages. Although implantation 
sites were observed after transfer of embryos to pseudopregnant 
females, no live fetuses were obtained (Tsnnoda and Kato, 1993). 

Criteria for proper identification of ES-like cell colonies are 
usually based on the morphology exhibited by murine ES cells, 
and using human ES-like cells to produce germline chimaeras 
is not possible for ethical reasons. However, other useful 
applications for human ES-like cells can be envisaged, particularly 
if differentiation can be directed along chosen pathways. Since 
the primitive streak starts forming around day 14 of gestation 
it has been argued that life begins only then, and as such the 
ethical guidelines in Singapore allow experimentation and 
manipulation of human embryos up to day 14. The culture of 
embryonic cells after the 14th day should not face ethical 
problems since the organization of the embryo is lost in the 
process of cell culture, and the ICM or ES-like cells are just a 
monolayer of cells with no potential of becoming a human. 
However, theoretically, it is possible that such cells (because of 
their totipotency) could be activated to produce clones after 
insertion into enucleated oocytes. Utmost caution should thus be 
taken to minimize the risks of their abuse, and the uses of such 
cells must be restricted to somatic cell therapy and as models 
for embryonic differentiation. This issue needs careful 
deliberation and clarification. 



The overall objective of the experiments in the present study 
was to measure survival in culture of human ICM cells from 
blastocysts produced by procedures for IVF. We conclude that 
totipotent embryonic lineages can be derived from the human 
and can be maintained in culture at least for a few subcultures 
without differentiation. More work needs to be done to encourage 
further growth so as to establ ish a cell line of ES cells . Reasonable 
cell numbers could thus be generated for intra-uterine transfer 
into fetuses suffering from incurable genetic disorders. It would 
be interesting to also investigate the range of differentiated cell 
types that could be formed from such pluripotent ES-like cells. 
Work is in progress to examine these cells as embryoid bodies 
after transfer to ectopic sites in nude mice. 
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